In coeliac disease (CD) a profile of proinflammatory cytokines are secreted interferon gamma (IFNg) being one of the most important. A dinucleotide polymorphism consisting of a variable number of CA repeats related with IFNg production levels, has been reported on the first intron of the IFNg gene. The aim of this study was to analyse the influence of the functional IFNg CA repeats in CD predisposition through familial and case-control studies. The familial analysis showed that the 124 bp allele was significantly more transmitted to the affected offspring (P ¼ 0.02), while the 126 bp allele showed a statistically significant nontransmission pattern (P ¼ 0.01). Nevertheless, in the case-control analysis, we could not find a direct association of CA repeats with CD. This fact might be due to parent-of-origin effect in the IFNg CA polymorphism. Our data suggest a possible role of IFNg CA polymorphism in CD susceptibility. Keywords: coeliac disease; interferon gamma (IFNg); microsatellite polymorphism; autoimmunity Coeliac disease (CD) affects genetically predisposed individuals after dietary gluten ingestion. Most coeliac patients (90%) are carriers of the DQ2 molecule encoded by DQA1*05/DQB1*02 alleles and a minority of patients bear the DQ8 molecule (DQA1*0301/DQB1*0302). Nevertheless, the contribution of HLA genes for CD genetic predisposition is no more than 40%, suggesting a role for non-HLA genes in CD susceptibility.
Coeliac disease (CD) affects genetically predisposed individuals after dietary gluten ingestion. Most coeliac patients (90%) are carriers of the DQ2 molecule encoded by DQA1*05/DQB1*02 alleles and a minority of patients bear the DQ8 molecule (DQA1*0301/DQB1*0302). Nevertheless, the contribution of HLA genes for CD genetic predisposition is no more than 40%, suggesting a role for non-HLA genes in CD susceptibility. 1 The mucosal changes observed in coeliac patients have been related to increased local production of several proinflammatory mediators. Studies in intestinal biopsy specimens from patients with CD have shown that the cytokine expression pattern in response to gluten is strongly dominated by IFNg and that coeliac patients present an increased expression of IFNg and a high number of T CD4 þ IFNg-producing cells. 2, 3 A dinucleotide polymorphism consisting of a variable number of CA repeats has been reported on the first intron of the IFNg gene, which has been related to IFNg production levels being certain CA repeats associated with higher IFNg secretion. 4 On this basis, we considered it interesting to analyse the role of the IFNg gene CAn microsatellite polymorphism with respect to CD susceptibility.
Accordingly to previous results, the 124 and 126 bp alleles were the most frequently observed in coeliac families [5] [6] [7] (Table 1) . Interestingly, a distorted transmission pattern was detected for these two common alleles. The 124 bp allele was preferentially transmitted to the affected offspring. In contrast, the 126 bp allele showed a statistically significant nontransmission pattern (Table 1) .
To investigate this finding further, we genotyped an additional case-control cohort. As in the family cohort, the most frequent alleles were those with 124 and 126 bp. (Table 2 ) The overall comparison of CA repeats distribution between CD patients and controls did not give a statistically significant deviation. Similarly, none of the observed alleles independently showed a statistically significant association with susceptibility or protection against the disease.
The discordant lack of association found in casecontrol led us to perform a more detailed familial analysis considering the transmission of IFNg CA repeats from mothers and fathers separately to search for a possible parent-of-origin effect. Both the 124 and the 126 bp alleles showed a statistically significant distorted transmission pattern when restricted to fathers whereas when restricted to mothers it was not (TDT MvsF for the 126 bp allele; P ¼ 0.05, OR 0.54, 95% CI 0.28-1.05) ( Table 3) . Furthermore, we used the TAT as an alternative method, including only trios with a single heterozygous parent and additionally, we observed evidence for the preferential nontransmission pattern of the 126 bp allele among fathers (TAT MvsF for the 126 bp allele; P ¼ 0.02, OR ¼ 0.35, 95% CI 0.12-0.97) ( Table 3 ).
In the present work, we analyse for the first time the IFNg CA microsatellite in relation to CD. Our results show a possible role for IFNg CA microsatellite in CD susceptibility. The 124 bp allele was transmitted more significantly to affected offspring. It is worth noting that this allele has been associated with higher levels of IFNg expression in mitogen-stimulated mononuclear cells in vitro. 4 Therefore, it is plausible that the high levels of IFNg detected in the intestinal mucosa of coeliac patients might be influenced by the presence of the 124 bp allele. While the 126 bp allele, low IFNg producer, seems to play an opposite protective role, because it has been shown to be significantly nontransmitted to affected sibs.
A paradoxical result was the lack of association in the case-control study, claimed to be more powerful than family-based tests. Similar to our findings in a study of VNRT polymorphism of INS gene in childhood obesity found an association using a familiar approximation but not in a case-control analysis. 11 They concluded that the case-control approach failed to detect an association due to the dilution of paternal effects by noncontributory maternal meioses. Similarly, we detected a possible parent-of-origin effect related to IFNg CA polymorphism, since we have observed excess in paternal nontransmission of the 126 bp allele to the affected offspring. This finding would provide an explanation for the seemingly discordant results obtained from case-control and familial analysis.
The paternal effect of the 126 bp allele when not transmitted could be related with polymorphic imprinting phenomena. Of note, it has been shown that the differential IFNg methylation is closely related with IFNg expression in T cells and that the IFNg promoter methylation patterns exhibit long-term faithful inheritance. 12, 13 On this basis, another possibility is that the role of IFNg CA allelic variations might be related to genomic imprinting, a mechanism that has been seen to regulate different sets of paternally and maternally expressed genes. 14 
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